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5 [ 0001] 
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on January 14, 2003, the entire contents of which being 
incorporated herein by reference. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 
[ 0002] 

15 The present invention relates to a helical scan type 

recording apparatus capable of recording data as inclined 
trades onto, e.g., a tape-shaped recording medium, and a 
recording method therefor. 

20 2. Description of Related Art 
[ 0003] 

Magnetic recording systems of a helical scan type have 
hitherto been used extensively by, e.g., computer data systems 
or the like in order to baclc up data stored in their hard disk. 
25 [ 0004] 

To accommodate errors during recording/reproduction, 

some magnetic recording systems use a method wherein data is 

recorded by adding thereto an error correction code (ECC) which 

can correct erroneous data, so that, e.g., even when trouble 

30 occurs in part of their recording/reproducing system, the data 

can be recorded correctly (Japanese Unexamined Patent 
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Application Publication No . 2001-273096) . Some other 
magnetic recording systems deploy an error correcting device 
which can record or reproduce data, e.g., even when one of 
a plurality of helical scan type recording heads fails 
5 (Japanese Unexamined Patent Application Publication No. 
HlO-21657) . 
[ 0005] 

Here^ a helical scan type magnetic recording system will 
be outlined. In the helical scan system, a magnetic tape 100 

10 is wrapped at an angle around a rotary head drum 101 as shown 
in, e.g., FIG. 7. Under this condition, the tape 100 is moved 
so that the head drum 101 rotates in the direction of the arrow, 
whereby a head scans at the angle with respect to the tape 
running direction. In this way, tracks are formed on the tape 

15 100 by recording data at angles with respect to the tape running 
direction, or data is read from such tracks, as shown in FIG. 
8. 

[ 0006] 

Furthermore, the above-mentioned helical scan system 
20 adopts so-called azimuth recording. In azimuth recording, 
a pair of heads is used with their gaps slanted at different 
azimuth angles A and B, respectively, to alternately form on 
the magnetic tape 100 a track TkA depicting a recording pattern 
at the azimuth angle A and a track TkB depicting a recording 
25 pattern at the azimuth angle B, as shown in FIG. 8. 
[ 0007] 

To reproduce data from a track recorded by such azimuth 
recording as mentioned above, a reproducing head 102A 
corresponding to the track TkA is used, and a reproducing head 
30 102B is used for the track TkB recorded at the azimuth angle 
B as shown in FIG. 9 - In this way, signals produced in adjacent 



tracks can suppress themselves from affecting each other as 
noise owing to the azimuth effect, whereby a higher density 
recording can be implemented. 
[ 0008] 

5 As one data reproducing technique in the helical scan 

technology, a tracking servo system is widely known in the 
art, in which the thus formed tracks are read through single 
scanning performed by a reproducing head. As shown in, e.g. , 
FIG. 10, the tracking servo system controls a reproducing head 
10 102 to keep the head constantly right on a track Tk so that 
all the data recorded on the track Tk will be read by causing 
the single head 102 to scan only once. 
[ 0009] 

Thus, the tracking servo system gathers error 
15 information, e.g., by comparing a block-based scanning time 
with a pre-defined reference value in each track Tk, and the 
scanning position of the reproducing head 102 is controlled 
based on the error information to maintain the so-called "just 
tracking state" (Japanese Unexamined Patent Application 
20 Publication No. H09-245394). 
[ 0010] 

As another reproducing technique in the helical scan 
technology, a non-tracking (NT) system is known in the art- 
In the NT system, data is scanned during reproduction at a 
25 track density twice as much as that of the recording period. 
Two reproduced signals are obtained on the average per track, 
and the better one is used for the data reproduction. 
[ 0011] 

FIG. 11 conceptually shows the relationship between 
30 recorded tracks and reproducing heads in a NT system. Note 
that a description is given only of reproduction of azimuth 
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tracks A in FIG- 11, and a description of azimuth tracks B 
will be omitted. Here, the tracking servo system as a 
reproducing technique would use reproducing heads 103 and 105 
to scan tracks TkA-1 and TkA-2 to reproduce data, respectively - 
5 On the contrary, the NT system, which scans data during 
reproduction at a track density double as that of during 
recording, would cause a reproducing head 104 to intervene 
for scanning between the scanning operations performed by the 
reproducing heads 103 and 105. 
10 [ 0012] 

In an example shown in FIG. 11, the track TkA-1 is scanned 
by the heads 103 and 104, and both heads provide effective 
reproduced signals for the track TkA-1 . In this case, however, 
a comparison between the heads 103 and 104 indicates that the 

15 head 103 overhangs the track TkA-1 wider and, in addition, 
is less likely to near the track TkA-2 next to the adjacent 
track of the track TkA-1. Therefore, the reproducing head 
103 will provide a more satisfactory reproduced signal. And 
only a correctly read portion of the thus reproduced signal 

20 is re-arranged to provide stream data. Such an NT system 
requires neither accurate tracking servo nor accurate scanning 
angle with respect to tracks, thus making the system free from 
mechanical tolerances, for example. 

25 SUMMARY OF THE INVENTION 

[ 0013] 

In order to increase data transfer rate during recording 
in a helical scan type magnetic recording system such as 
mentioned above, either the recording frequency may be 
30 increased or the number of recording and reproducing heads, 
i.e., recording channels may be increased to process data 



parallelly . 
[ 0014] 

Higher frequency recording can be achieved by improving 
the high frequency performance of a device. In case, e.g., 
5 improvements in device performance fail to keep up with the 
speed requirements of the magnetic recording system, then a 
viable solution would be to increase the number of recording 
channels in order to perform parallel processing. 
[ 0015] 

10 Additionally, in order to scan data during reproduction 

at a density twice as much as that of the recording period 
in the above-mentioned NT reproducing system, either two 
reproducing heads may be disposed for one recording head, or 
one reproducing head may be used to scan the same track twice 

15 by making the rotating speed of the rotary head drum 101 during 
reproduction twice as much as that of the recording period. 
Alternatively, using as many recording heads as reproducing 
heads while keeping the rotating speed of the drum 101 equal 
during both recording and reproduction, recording may be 

20 performed only once for every two revolutions of the drum 101. 
Many NT systems of the above type tend to increase their transfer 
rate during recording/reproduction by increasing the number 
of recording/reproducing heads. 
[ 0016] 

25 When the number of reproducing heads is increased, if, 

e.g., a single recording head is mounted per track to form 
each of tracks TkA and TkB respectively having different 
azimuth angles, then two reproducing heads is required per 
track, and hence a total of four reproducing heads is required 

30 to reproduce data from both tracks TkA and TkB. That is, to 
reproduce data from, e.g., the track TkA, two reproducing heads 



All and A12 are needed as shown in FIG. 12. 
[ 0017] 

In order to further improve the transfer rate during 
recording/reproduction, e.g., two recording heads may be used 
5 to alternately record tracks of the same azimuth. That is, 
each of the tracks TkA and TkB may be formed using two recording 
heads. In this case, four reproducing heads are needed for 
each of the tracks TkA and TkB, and thus a total of eight 
reproducing heads is involved to reproduce data from both 
10 tracks . And the two reproducing heads All andA12 are similarly 
necessary as shown in FIG. 12, in order to reproduce data from 
the track TkA formed by one of the two recording heads. 
[ 0018] 

The reproducing heads All andA12 are aligned with respect 
15 to a track as the drum 101 rotates and the tape runs such that 
the distance between their scanning positions equals such a 
standard pitch PO as shown in FIG. 12. In this case, the heads 
All and A12 are aligned such that the standard pitch PO exactly 
equals the track pitch- Furthermore, when the phase among 
20 the reproducing heads and the recorded track, i.e., their 
positional relationship is such as shown in FIG. 12, a worst 
tracking occurs, making reproduced signals worst in quality. 
[ 0019] 

In other words, if the phase relationship among the 
25 reproducing heads All and A12 and the recorded track TkA shown 
in FIG. 12 changes as one of the heads All and A12 moves either 
to the left or right, respectively, then the head having moved 
nears the center of the track TkA, and that head having neared 
the center provides a more satisfactory reproduced signal, 
30 to improve the reproduction quality. 
[ 0020] 



However, the reproducing heads All and A12 , when mounted 
at such positions, may undergo some error due to, e.g., certain 
mechanical problems, and. in addition, may even be displaced 
in a direction orthogonal to the track. Under such 
5 circumstances, as shown in FIG . 13 , if the two reproducing heads 
All and A12 are mounted out of alignment in a manner mutually 
moving away from the center of the track TkA, i.e., if the 
distance between their scanning positions changes from the 
standard pitch PO to a pitch PI, then the reproducing output 
10 levels produced by these two reproducing heads greatly 
deteriorate . 
[ 0021] 

This misalignment may be experienced likewise by the 
recording head(s), thus producing on the magnetic tape ICQ 

15 patterns of narrow recorded tracks or of narrow and wide 
recorded tracks, as shown in, e.g., FIGS. 14 and 15. In one 
pattern, the same azimuth tracks TkA would be recorded at the 
same width as shown in FIG. 14, if, e.g., one recording head 
is used per azimuth. That is, in this case, the tracks of 

20 the same azimuth are recorded by the same head, thus resulting 
in the same width. 
[ 0022] 

On the contrary, if two recording heads are used per 
azimuth, i.e., if a total of four recording heads are mounted 

25 for recording the tracks TkA at the azimuth angle A and the 
tracks TkB at the azimuth angle B, i.e., even when the tracks 
are of the same azimuth, if they are recorded alternately by 
the different recording heads, then a track TkAl and a track 
TkA2 respectively having different widths will appear 

30 alternately as shown in, e.g., FIG. 15. 
[ 0023] 



Referring here to FIGS. 16B, 17A and 17B, a 

consideration is given to inconvenience caused by some error 
in mounting the reproducing heads onto the rotary head drum 
101. First, FIGS. 16A and 16B schematically show scanning 
5 operations during NT-based reproduction in 

one-head-per-azimuth recording. For ease of explanation, 
only reproduction of the track TkA recorded at the azimuth 
angle A will be discussed. 
[ 0024] 

10 When the track TkA is formed at a width smaller than 

a normal width, and if the two reproducing heads All and A12 
for reproducing data from this track are positioned at the 
standard pitch PO, then the track TkA falls within their 
scanning range as shown in FIG. 16A, thus providing an 

15 adequately sized reproduced signal. 
[ 0025] 

However, when, e.g., the reproducing heads All and A12 
suffer some mounting errors to have a wider pitch as shown 
in FIG. 16B, the track TkA may get out of the scanning range 
20 of either of the heads All and A12- That is, in this case, 
it is difficult to obtain an adequate reproduction output, 
and thus the quality of the reproduced data will be largely 
impaired. 
[ 0026] 

25 Furthermore, FIGS. 17A and 17B show scanning operations 

during NT-based reproduction when two recording heads are 
disposedper azimuth. In this case, if, e.g. , the two recording 
heads for recording the track TkA at the azimuth angle A are 
misaligned, there may be a pattern of alternating wide and 

30 narrow strips as shown in the figures, with a track TkAl recorded 
by one of the recording heads being narrow and tracks TkA2 



recorded by the other head being wide, for example. 
[ 0027] 

Under these circumstances, if the two reproducing heads 
All and A12 are aligned at the standard pitch PC, then the 
5 track TkAl stays within their scanning range as shown in FIG- 
17A, thus providing a satisfactory reproduced signal, but at 
the same time, these heads All and A12 are also close to the 
tracks TkA2 next to the adjacent tracks of the track TkAl, 
which tracks TkA2 are wide and of the same azimuth, and thus 
10 are likely to be affected by the noise from the tracks TkA2. 
[ 0028] 

Furthermore, if, e.g., the two reproducing heads All 
and A12 are out of proper position so that their standard pitch 
PO is increased to the pitch PI, then the track TkAl may stay 
15 out of the scanning range of either of the reproducing heads 
All and A12. 
[ 0029] 

Additionally, in this case, the reproducing heads All 
and A12 overhang the tracks TkA2 of the same azimuth, as 

20 encircled by the broken lines in FIG. 17B, suffering noise 
from these tracks TkA2. That is, in this case, the two 
reproducing heads All and A12 will face the worst scenario 
in which they cannot read recorded signals adequately from 
their own track TkAl and do read recorded signals from the 

25 tracks TkA2 of the same azimuth next to the adjacent tracks 
of the track TkAl as noise, thereby almost completely 
destroying one whole track of data. 
[ 0030] 

However, in this case, when these heads have their height 
30 kept precisely, there would be no case where all the tracks 
cannot be read simultaneously at all times. As a result, if 



some of tracks recorded per revolution of the rotary head drum 
101 are narrow, other tracks are wider than the standard width, 
and thus information could be recorded in a large-sized signal . 
In addition, when the reproducing heads are positioned wide 
5 apart from each other, some narrow tracks can be scanned 
satisfactorily in both rounds of a two-time scanning operation - 
That is, when a worst case occurs, an advantage is provided 
that comparatively high data reliable can be ensured in 
channels other than the worst channel. 
10 [ 0031] 

As mentioned earlier, the conventional digital tape 
streamer records an ECC for correcting data errors during 
reproduction, on a magnetic tape as recorded data. Note that 
the ECC is a set of codes each being composed of data to be 
15 actually recorded (information) and parity bits (error 
correcting bits) . 
[ 0032] 

An ECC may be recorded along a single track Tk, on across 
a plurality of tracks Tk, on a recording tape. When recorded 

20 along a single track Tk, the ECC can detect and correct errors 
only within that track Tk, and thus is advantageous in that 
the track Tk is unaffected by other tracks Tk having a high 
error rate . However, when its own track suffers too many errors 
to correct, the ECC is disadvantageous in that it cannot correct 

25 those errors using information on other tracks. 
[ 0033] 

On the other hand, when the ECC is recorded across a 

plurality of tracks Tk, even when one of the tracks suffers 

many errors, these errors can be corrected using information 

30 on other tracks. However, when the other tracks suffer many 

errors, the former track Tk is affected by these other tracks . 

10 



[ 0034] 

Furthermore, in the case of , e.g., audio and video data, 
even if some of their reproduced data are lost, the lost data 
can be reproduced on a pseudo manner from the remaining data 
5 by interpolation. Thus, there are ECC systems usable on a 
practical level. Such systems would be suffice when only one 
track of data is completely destroyed due to dust or the like, 
since such one track of data can practically be recovered by 
interpolation from data on the other tracks. Thus, an ECC 

10 written within one track is usually used. However, when the 
code is recorded across a plurality of tracks, destruction 
of data within one track may likely lead to a loss of data 
on some of its neighboring tracks. This is why a so-called 
"inter-track code" in which an ECC is recorded across a 

15 plurality of tracks is considered unsuitable. 
[ 0035] 

Furthermore, for example, in case that data loses its 
integrity even with one uncorrectable bit, it is necessary 
to have capability to correct even if one whole track of data 

20 is lost. Accordingly, the ECC recorded across tracks is 
suitable. However, ECCs used in current helical scan type 
magnetic recording apparatuses , which have been developed from 
audio/video formats, are not robust inter-track codes, but 
are only capable of correcting one out of every twenty-some 

25 tracks at most. However, these conventional codes have, in 
fact> been practical and satisfactory because total 
destruction of one whole track rarely occurs. 
[ 0036] 

However, as mentioned above, when data is recorded by 

30 increasing the number of recording heads to four, part of the 

data may be reproduced nearly completely destroyed at a ratio 
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of one to four tracks (channels) in a worst case. 
[ 0037] 

In view of the above and other problems, it is desirable 
to provide a recording apparatus and method capable of 
5 correcting errors even if one of N channels suffers a high 
error rate, e.g., even if a channel has almost totally destroyed 
data. 
[ 0038] 

In one embodiment of the present invention, th.e present 

10 invention provides a recording apparatus of a helical scan 
type capable of recording data as inclined tracks onto a 
tape-shaped recording medium, which recording apparatus 
includes a rotary drum having N recording heads (where N is 
a plural number) on a circumference thereof; first series code 

15 generating means for generating a first series code by adding 
a first parity to a first data array in a predetermined 
direction; second series code generating means for generating 
a second series code by adding a second parity to a second 
data array in a direction orthogonal to the direction of the 

20 first data array; and recording control means for controlling 
recording such that the first series code is recorded by one 
of the N recording heads and the second series code is recorded 
by the N recording heads in a dispersed manner, on the 
tape-shaped recording. The second series code generating 

25 means generates the second series code such that a ratio of 
the second parity to the second series code becomes 1/N or 
more - 
[ 0039] 

In another embodiment, the present invention provides 

30 a recording method for a recording apparatus of a helical scan 

type that records data as inclined tracks onto a tape-shaped 
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recording medium by N recording heads (where N is a plural 
number) disposed on a circumference of a rotary drum, which 
recording method includes generating a first series code by 
adding a first parity to a first data array in a predetermined 
5 direction; generating a second series code such that a ratio 
of second parity to a second data array becomes 1/N or more, 
wherein the second parity is added to the second data array 
in a direction orthogonal to the direction of the first data 
array of the first series code; and controlling recording such 
10 that the first series code is recorded by one of the N recording 
heads on the tape-shaped recording medium and the second series 
code is recorded by the N recording heads in a dispersed manner . 
[ 0040] 

According to the embodiment of the present invention, 
15 when data is recorded onto the tape-shaped recording medium 
using the N recording heads disposed on the rotary drum, the 
two serial codes orthogonal to each other are generated as 
error correction codes . Of these serial codes, the redundancy 
rate of the second series code recorded across N tracks formed 
20 by the N recording heads is set to 1/N or more, whereby almost 
all errors may be corrected at a ratio of one to N tracks even 
if one whole track of data is completely destroyed. 
[ 0041] 

As a result, even when a system for N-channel 
25 recording/reproduction per revolution of a drum carrying N 
heads constantly fails to reproduce one channel of data, i.e., 
fails to discriminate data due to a poor S/N ratio, the system 
can reproduce such recorded data from data of other channels. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0042] 
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FIG. 1 shows the configuration of a tape streamer drive 
which is an • embodiment of the present invention; 
[ 0043] 

FIG. 2 shows an example of positions at which recording 
5 and reproducing heads are mounted to a rotary head drum; 
[ 0044] 

FIG. 3 illustrates the concept of an ECC; 

[ 0045] 

FIG. 4 illustrates the concept of a two-dimensional 
10 orthogonal code; 
[ 0046] 

FIG. 5 shows an example structure of an ECC adapted for 
a tape streamer drive according to an embodiment of the present 
invention; 
15 [ 0047] 

FIG. 6 schematically shows how a Cl-series code is 
recorded across a plurality of tracks; 
[ 0048] 

FIG. 7 illustrates a reproducing technique used by a 
20 conventional helical scan system; 
[ 0049] 

FIG. 8 illustrates azimuth recording; 

[ 0050] 

FIG. 9 illustrates a reproducing operation 
25 corresponding to an azimuth recording; 
[ 0051] 

FIG. 10 illustrates a tracking servo system; 

[ 0052] 

FIG. 11 illustrates a non-tracking system; 

30 [ 0053] 

FIG. 12 shows how reproducing heads aligned at a standard 
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pitch scan tracks on a magnetic tape; 
[ 0054] 

FIG- 13 shows how misaligned reproducing heads scan 
tracks on a magnetic tape; 
5 [ 0055] 

FIG. 14 illustrates an improper pattern recorded on a 
magnetic tape in a recording made by one recording head per 
azimuth; 
[ 0056] 

10 FIG. 15 illustrates an improper pattern recorded on a 

magnetic tape in a recording made by two recording heads per 
azimuth; 
[ 0057] 

FIG. 16A illustrates an improper pattern recorded on 
15 a magnetic tape in a recording made by one recording head per 
azimuth; 
[ 0058] 

FIG. 16B illustrates an improper pattern recorded on 
a magnetic tape and misaligned reproducing heads, in a 
20 recording made by one recording head per azimuth; and 
[ 0059] 

FIG. 17A illustrates an improper pattern recorded on 
a magnetic tape in a recording made by two recording heads 
per azimuth; and 
25 [ 0060] 

FIG. 17B illustrates an improper pattern recorded on 
a magnetic tape and misaligned reproducing heads, in a 
recording made by two recording heads per azimuth. 



30 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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A magnetic recording apparatus according to an 
embodiment of the present invention will now be described . 
In this embodiment^ a digital tape streamer drive for backup 
of computer data and the like is taken as an example of a 
5 recording apparatus. 
[ 0062] 

FIG, 1 shows the configuration of a 
recording/reproducing system of a tape streamer drive 1 
according to this embodiment. The drive 1 inputs and outputs 
10 data such as commands statuses^ and real data for recording 
to and reproduction from a host computer 2 in order to back 
up data of the computer 2 . 
[ 0063] 

A memory controller 4 inputs real data for recording 
15 via an interface 3, temporarily holds the data in a buffer 
memory 5^ and outputs the data to a code generating circuit 
6 in the subsequent stage, during recording. The controller 
4 also temporarily holds in the buffer memory 5 reproduced 
data from an error correcting circuit 9, and outputs the data 
20 to the computer 2 via the interface 3 by a predetermined data 
unit . 
[ 0064] 

The code generating circuit 6 generates a 
two-dimensional orthogonal code such as to be described later 

25 based on a predetermined block unit of data inputted from the 
memory controller 4. That is, as shown in FIG. 4, inner 
parities (CI parity) are generated from CI data which is a 
data array arranged in a predetermined direction, and the 
generated CI parities are added to the CI data to generate 

30 a Cl-series code. 
[ 0065] 



The code generating circuit 6 also generates outer 
parities (C2 parity) bytes from C2 data which is a data array 
arranged in a direction orthogonal to the direction of the 
CI data, and adds the generated C2 parities to the C2 data 
5 to generate a C2-series code. And it is arranged in this 
embodiment such that the ratio of the C2 parities generated 
by this code generating circuit 6 to the C2-series code is 
1/N or more (where N is the number of recording heads) . Note 
that these C2 parities will be described later. And such Cl- 
10 and C2-series codes generated by the code generating circuit 
6 are outputted to a recording control circuit 7 . 
[ 0066] 

While the code generating circuit 6 is described as 
generating both the CI- and C2-series codes in this embodiment, 
15 this is merely an example. In other embodiments, the circuit 
6 may comprise a CI code generator for the Cl-series code and 
a 02 code generator for the C2-series data to generate these 
codes separately. 
[ 0067] 

20 The recording control circuit 7 is configured to control 

the output order of the data. Of the 01- and C2-series codes 
supplied from the code generating circuit 6, one unit of 
Cl-series code is recorded by any of four recording heads llA 
to IID and one unit of C2-series code is recorded by these 

25 four recording heads llA to IID in a dispersed manner. And 
these recording heads llA to IID are driven according to this 
serial data array the output order of which is thus adjusted. 
[ 0068] 

Here, the recording heads llA to IID are mounted on a 
30 rotary head drum together with reproducing heads 21A to 21H- 
The drum rotates at a predetermined rotational speed while 



wrapping around itself a magnetic tape that runs at a 
predetermined speed. Thus, the tape streamer drive 1 of this 
embodiment sequentially forms inclined tracks along the 
magnetic tape to record the data on these inclined tracks. 
5 [ 0069] 

The reproducing heads 21A to 21H each are configured 
to. scan along a scanning trajectory of the corresponding 
recording head, whereby the reproducing head outputs a 
reproduced signal from a recorded track immediately after 
10 recording by the corresponding one of the recording heads llA 
to IID during recording, and from a desired one of recorded 
tracks during reproduction. 
[ 0070] 

A reproduction control circuit 8 identifies Is and Os 
15 by, e.g., amplification and waveform equalization of the 
reproduced signals from the reproducing heads 21A to 21H. In 
addition, the circuit 8 converts the identified binary bits 
into an array of parallel data via word synchronization, for 
output to the error correcting circuit 9 . The error correcting 
20 circuit 9 detects errors using the CI and C2 parities added 
by the code generating circuit 6 to the data from the 
reproduction control circuit 8, for output to the memory 
controller 4. Note that the error correcting circuit 9 may 
also include two separate error correcting circuits, one for 
25 the Cl-series code and the other for the C2-series code. 
[ 0071] 

Note that recording/reproducing operations of the tape 
streamer drive 1 are controlled by a system controller (not 
shown) . 
30 [ 0072] 

FIG. 2 shows an example of mounting positions of the 
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recording heads llA to IID and the reproducing heads 21A to 
21H on a rotary head drum 20 which is disposed on the tape 
streamer drive 1 of this embodiment. The configuration of 
the drum 20 shown in cross section in FIG. 2 is merely an example. 
5 [ 0073] 

In the example shown in FIG. 2, the respective heads 
are positioned 30** spaced apart from each other on the outer 
circumference (the cylindrical surface) of the rotary head 
drum 20 in the order of the recording head llA, the reproducing 

10 head 21A, the reproducing head 21B, the recording head IIB, 
and so on. In this case, as shown in the figure, the recording 
heads llA and IIC are 180° apart from each other, and so are 
the recording heads IIB and IID, on the cylindrical surface 
of the drum 20. And the four reproducing heads 21A, 21C, 21E 

15 and 21G are located at 90° to the others, and so are the rest 
of the four reproducing heads 21B, 21D, 21F and 21H. 
[ 0074] 

Referring here to FIGS. 3 and 4, ECCs will be described. 
An "error correction code" (ECC) means a code wherein parity 

20 bit(s) is added to data having a certain number of bits, the 
parity bit(s) being generated from that data, and has 
functionality to detect the position of an error or correct 
the error using the parity bit{s) during reproduction- Note 
herein that a minimum unit of an ECC composed of data and parity 

25 bits will be simply called a "code". And a group of these 
codes will be denoted as a "code series". 
[ 0075] 

A Reed-Solomon (RS) code, a typical ECC, handles 

information and errors by the symbol, not by the bit. A symbol 

30 forming such a code consists of, e.g., 8 bits. For example, 

a code shown in FIG. 3 consists of a total of 36 symbols, i.e., 
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30 data symbols and 6 parity symbols. Assuming here that one 
symbol consists of 8 bits^ the 36-symbol code shown in FIG. 
3 will take as many values as 4.97 x 10^^, or 256 to the 36th 
power. However, of such 36 symbols in the code, the 6 parity 
5 symbols are uniquely defined from the 30 data symbols^ and 
thus the code can actually take only as many values as 256 
to the 30th power. 
[ 0076] 

Furthermore, the RS code can generally detect as many 
10 error symbols as the number of parity symbols. Also, half 
that number of errors could be corrected within the code. For 
example, the code such as shown in FIG. 3 would be incorrect 
with six erroneous words, but would be corrected into a new 
code with 7 erroneous words. Therefore, the distance between 
15 codes in the RS code shown in FIG. 3 is represented as "7". 
In other words, the RS code so configured as shown in FIG. 
3 can detect up to six words in error with their locations 
identified, and can correct up to three words which is half 
these six words. 
20 [ 0077] 

The RS code such as shown in FIG. 3 is represented as 
(36, 30, 7), where "36" is the total number of symbols; "30" 
is the number of data symbols; and "7" is the minimum distance 
between codes. In practice, not so many errors are corrected 

25 within a code. The reason is that with so many errors, it 
cannot be determined whether one code suffers "a" symbol errors 
or another code suffers "b" symbol errors, for example. Here, 
"a" + "b" makes the number of parity symbols + 1. That is, 
e.g., in the code shown in FIG. 3, whether the code have three 

30 erroneous words or another code has four erroneous words cannot 

be determined, so miscorrections may likely result. That is 

20 



why it is not preferable to correct many errors within a code. 
[ 0078] 

For the above reason, ECCs are often two-dimensional 
or three-dimensional. FIG. 4 represents an ECC such as shown 
5 in FIG. 3 as a two-dimensional orthogonal code. In the 
two-dimensional orthogonal code shown in FIG. 4, one symbol 
is part of one code and is also part of another serial code. 
That is, one symbol is configured to be part of the Cl-series 
code represented as a series in the vertical direction in FIG. 
10 4 and at the same time, part of the C2-series code (extending 
in the horizontal direction as viewed in FIG. 4} . 
[ 0079] 

Under this configuration, even when many errors are found 
in one code, these errors can be dispersed over a plurality 

15 of codes in another code series. For example, even if one 
of the Cl-series codes shown in FIG. 4 suffers so many errors 
that error correction cannot be performed by the CI parities 
(inner parity) of the CI code series, the erroneous symbol (s) 
could be corrected by C2-series codes. Thus, a plurality of 

20 two- or three-dimensional error correction series such as shown 
in FIG. 4 are often used for loss correction. 
[ 0080] 

RS codes have a feature that as many errors as up to 
the number of parity symbols can be corrected if their locations 

25 are known. Thus, if there is a certain number of erroneous 
symbols within a code of one code series (e.g. , the CI series) , 
then no correction is made, but all the symbols in the code 
are deemed suspicious and this information is delivered to 
another series (e.g., the C2 series). Then, the C2 series, 

30 knowing the suspicious locations , can correct as many erroneous 
symbols as the niomber of symbols of C2 parity. This is how 



the principle of the so-called loss correction works. 
[ 0081] 

In the following, a method of creating an ECC for the 
digital tape streamer according to this embodiment will be 
5 described based on the above-mentioned discussion. The 
redundancy rate of a code used for magnetic recording 
apparatuses of a helical scan type in practical use hitherto 
is approximately 30%. Thus^ the redundancy rate of a code 
used for the digital tape streamer of this embodiment will 
10 also be set to a value equivalent to or smaller than that. 
The term "redundancy rate" means a ratio of parity to a code 
length. 
[ 0082] 

Conventional helical scan type magnetic recording 
15 apparatuses are provided with an error correction processing 
system in which even when, e.g. , some reproduced audio and/or 
video data are lost, the lost data can be reproduced from the 
remaining data in a pseudo manner through interpolation on 
a practically sufficiently level. . However, in such a system, 
20 it would suffice that data on one traclc corrupted due to, e.g., 
dust is sufficiently reproducible on a practical level by 
interpolation using data of other tracks, and hence an 
intra-track EGC is usually used, and an inter-track code is 
not suitable. 
25 [ 0083] 

Hence, the conventional helical scan type magnetic 
recording apparatuses adopt a two-dimensional orthogonal code 
in which one code series is used as an intra-track code and 
the other as an inter-track code, with the number of parity 
30 in the intra-track code larger than that in the inter-track 
code. Parities are added such that, e.g., the redundancy rate 



of an intra-track code is about 25%, whereas the redundancy 
rate of an inter-track code is about 5%, to attain a redundancy 
rate of about 30% for the whole ECC. 
[ 0084] 

5 However, when four recording heads llA to IID are mounted 

on the rotary head drum 20 as in the tape streamer drive 1 
of this embodiment, a so-called worst track, which is narrow, 
may result due to their mounting inaccuracies. And in that 
case, a conventional ECC such as mentioned above could not 
10 correct errors. 
[ 0085] * 

To overcome this inconvenience, this embodiment has a 
feature that the ratio of parity symbols in an outer code series 
(C2 series) which extends over a plurality of tracks of a 
15 plurality of two- or three-dimensional ECC series is set to 
1/N or more of the code length (the number of symbols) (where 
N is the number of recording heads (recording channels) ) . 
[ 0086] 

That is, in this embodiment, any recording apparatus 
20 having four recording heads will have the ratio of parity 

symbols in a code extending across tracks (C2 series) is set 

to 1/4 or more of the code length (the number of symbols) ; 

i.e.,' its redundancy rate is set to 25% or higher. As a result, 

even if, e.g. , such a worst track as to destroy one whole track 
25 out of four tracks recorded by the four recording heads occur, 

that track can be reproduced by such a loss correction as 

mentioned above. 

[ 0087] 

Furthermore, in this case, inorder to keep the redundancy 

30 rate of the whole code under approximately 30%, the redundancy 

rate of an intra-track code would be only 5% or so, but the 
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tape streamer drive 1 of this embodiment is arranged such that 
it can correct errors in that code almost completely even when 
the redundancy rate is about 5% or less. 
[ 0088] 

5 This is because;- as discussed previously, when a worst 

track occurs during four-channel recording using four 
recording heads, tracks other than the worst track have a wider 
width than their standard width . Accordingly, and the quality 
of reproduced data from these wider tracks is more satisfactory 

10 than that from the standard tracks. That is, if there is a 
narrow track in tracks recorded as the rotary head drum 20 
makes one revolution, the other tracks have a wider width than 
their standard width, meaning that information is being 
recorded as a large-sized signal- Additionally, any 

15 reproducing heads spaced apart wide could scan some narrow 
tracks successfully in both rounds of a two-time scanning 
operation. Therefore, occurrence of a worst track would allow 
other tracks to provide more highly reliable data than in normal 
recording. 

20 [ 0089] 

It would, inpractice, be preferable to slightly increase 
the redundancy rate of the C2 code and reduce the redundancy 
rate of the CI code accordingly, or to increase the redundancy 
rate of the whole code so that any errors left uncorrected 
25 in tracks other than a worst track could be taken care of. 
[ 0090] 

FIG. 5 shows an example structure of a two-dimensional 
orthogonal code suitable for the tape streamer drive 1 of this 
embodiment. An ECC of FIG. 5 includes a Cl-series code (256, 
30 240, 17) and a C2-series code (256, 192, 65) orthogonal to 
the Cl-series code. In this case, each Cl-series code is an 



intra-track code, and each C2-series code an inter-track code, 
and the total redundancy rate is 29.7%. 
[ 0091] 

Note that the first figure in the above parentheses in 
5 each of the codes CI and C2 represents the code length (the 
number of symbols in the code) , the second figure the data 
length (the number of data symbols) , and the last figure the 
minimum distance between codes. Also, their parity length 
(number of parity symbols) equals "theminimum distance between 
10 codes - 1". 
[ 0092] 

In the thus organized ECC, e.g. , of the CI series codes, 
C1(0) to CI (63) codes are recorded by the recording head llA, 
CI (64) to CI (127) codes by the recording head IIB, CI (128) 

15 to CI (191) codes by the recording head IIC, and CI (192) to 
CI (255) codes by the recording head IID, as shown in the figure . 
As a result, each Cl-series code is recorded as an intra-track 
code whereas each C2-series code is recorded as a code across 
four tracks. 

20 • [ 0093] 

To reproduce a two-dimensional orthogonal code such as 
mentioned above, the error correcting circuit 9 shown in FIG. 
1 corrects errors in a Cl-series code, i.e., an intra-track 
code. In this case, the correction performed by the error 

25 correcting circuit 9 involves, e.g., correcting only up to 
four erroneous words, and otherwise suspecting that the whole 
code (256 symbols) would be erroneous in order to avoid any 
risk of miscorrection. And, based on the suspicion, the error 
correcting circuit 9 performs error correction as to the 

30 C2-series codes. 
[ 0094] 



Here^ if the error correcting circuit 9 judges all the 
data in the worst track to be suspicious erroneous and corrects 
errors in the rest of the tracks, then just a quarter of 256 
bytes, that is, 64 bytes are suspicious words within each 
5 C2-series code, thus allowing the error correcting circuit 
9 to perform loss correction. That is, according to the tape 
streamer drive 1 of this embodiment, even when one channel 
suffers a worst track with its data nearly totally corrupted 
during recording performed by increasing the number of 
10 recording heads to four, its data can be recovered. 
[ 0095] 

While the case where C1(0) to CI (63) codes in the CI 
series are recorded with the recording head llA, CI (64) to 
CI (127) codes with the recording head IIB, CI (128) to CI (191) 

15 codes with the recording head lie, and CI (192) to CI (255) codes 
with the recording head IID as shown in FIG. 5, has been described 
in this embodiment, it may be noted that this is merely an 
example. For example, a code in the CI series is not 
necessarily recorded along one track, but may be recorded 

20 across a plurality of tracks TkA, TkA and so on formed by the 
same recording head llA, as shown in, e.g., FIG. 6. 
[ 0096] 

Alternatively, e.g., of the Cl-series codes, the CI (0) 
code may be recorded by the recording head llA, the CI (1) code 
25 by the recording head IIB, the CI (2) code by the recording 
head IIC, and the CI (3) code by the recording head IID, whereas 
the CI (4) and subsequent codes may be recorded in the order 
of the recording heads llA to IID such as mentioned above. 
[ 0097] 

30 Thus, by configuring the tape streamer drive 1 in this 

way, a helical scan recordingmethod as one aspect of the present 
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invention can also be implemented. That is, the code 
generating circuit 6 generates CI parities for addition to 
a CI data array and adds the generated CI parities to the CI 
data array to generate a Cl-series code, and also generate 
5 C2 parities for addition to aC2 data array and adds the generated 
C2 parities to the C2 data array to generate a C2-series code, 
in such a manner that the ratio of the C2 parities to the 
C2-series code is 1/N or more (where N is the number of recording 
heads) . 
10 [ 0098] 

Then, the recording control circuit 7 may be arranged 
to control the output order of data such that one Cl-series 
code is recorded onto amagnetic tapeby any of the four recording 
heads llA to IID and one C2-series code is recorded by these 
15 heads llA to IID in a dispersed manner over a plurality of 
tracks . The circuit 7 may further control the recording heads 
llA to IID such that these heads are driven according to a 
serial data stream having its output order thus controlled. 
[ 0099] 

20 In this embodiment, the four recording heads llA to IID 

are used to implement 4-channel recording as the rotary head 
drum 20 makes each revolution. And the C2-series codes are 
recorded across tracks TkA to TkD formed by these four heads 
llA to IID in a dispersed manner. For this reason, the 

25 redundancy rate of each C2-series code is set to 25% (1/4) or 
more. This is only an example, however. The redundancy 
setting scheme according to the invention may be applicable 
as long as, e.g., a system performs N-channel recording using 
N recording heads . For example, if a system performs 5-channel 

30 recording using five recording heads, the redundancy rate of 

a C2-series code is (1/5), i.e., 20% or more, whereby even 

27 



when one channel suffers a worst track with its data almost 
completely destroyed, such data can be recovered. 
[ 0100] 

As is understood from the above description that 
according to the present invention, the redundancy rate of 
a C2-series code may be set to 1/N according to the number 
(N) of the recording heads used in the tape streamer drive 
1. This provides an advantage that the larger the number of 
recording heads, the smaller the redundancy rate of a C2-series 
code- Even when only two or three recording heads are used, 
recorded data in any worst track can, of course, be recovered 
as long as the redundancy rate of a C2-series code is set to 
1/N. 
[ 0101] 

Finally, the embodiments and examples described above 
are only examples of the present invention . It should be noted 
that the present invention is not restricted only to such 
embodiments and examples, and various modifications, 
combinations and sub-combinations in accordance with its 
design or the like may be made without departing from the scope 
of the present invention. 
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